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COMMUNICATIONS POWER CONTROL 
Field of fhe Invention 

The present invention relates to power control in radio comn|unications 
systems. The present invention relates in particular^ but not exdusi^lely, to outer 
loop power control in cellular communications systems^ for exampl| Universal 
Mobile Telecommunications Ss^stem (UMTS) S3^tems. 

Background of the Invention 



Radio communications systems, for example cellular radio 
commimications systems, are well known. In celltilar radio commu]||ications 
systems, communication is carried out over radio links formed bet\^|^en base 
stations and subscriber imits. A subscriber ixnit is typically a mobilej^elephone 
15 (also known as a "mobile" or a "cell phone"). 

Recently, cellular radio commimications systems compliant >f ith iiie well 
known Universal Mobile Telecommunications System (UMTS) stan<|ard have 
been implemented. In UMTS terminology, a base station is known a| a Node-B, 
20 and a subscriber unit is known as a User Equipment (UE). UMTS isftjarticularly 
suitable for communicating both voice and data, including so called||nulti-media 
data. 



25 



In radio communications systems, for example in cellular rad||o 
communications systems, power control is employed to attempt to ^oid 
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unnecessarily high levels of radio transmission power being used. Fjpwer control 
may be employed to control flie power level of transmission from a jpase station 
to a subscriber unit and/or from a subscriber unit to a base station, ^^jroadly 
speaking, flie power is adjusted to be sufficiently high to meet a perj(ormance 
target or criterion, but no higher than is required to achieve ttiis per|ormance 
target or criterion. 



Li UMTS, the performance target employed in power control]^ that of 
signal to interference ratio (SIR). Power control is implemented by c^teimining 
10 the SIR, usually at every timeslot (which in UMTS is every 0.67 mse|). The 
determined SIR is compared to a SIR target, and the power level is ^justed 
accordingly. This is referred to as iimer loop power control. 



Some communications systems further implement outer loopjlpower 
1 5 control. In outer loop power control, a further performance aspect im monitored. 
The value of the performance target used in the iimer loop power cajntrol is then 
varied according to the monitored level of the further performance i spect. This 
variation is carried out at a less frequent rate than the inner loop po /er control 
assessments and adjustments. In UMTS, the further performance as »ect may be 
20 chosen as any cme of various Quality of Service (QoS) parameters, b it typically 
Frame Erasure Rate (FER) is used for voice conuntmication and'Blo|k Error Rate 
(BLER) is used for data communication. In UMTS, the outer loop pdfcver control 
is implemented such that the inner loop performance target is variedl (or 
potentially varied) every few htindred microseconds. 



25 
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A furOier detail in relation to UMTS, and potentially other rajlio 
communications systems communicating differing types of data, e^ midti- 
media, is that di^ient types of data (Le. different services) may req lire different 
values of the SIR target to be employed in the irmer loop power con rol, due to 
differing quality of service needs. For example, a real-time video sei rice may 
require a higher SIR than a real-time voice service due to more detai being 
required. Another example is tiiat any such real-time service may re juire a 
higher SIR than data services that are not real-time, e.g. downloadin j of static 
web pages. 

Conventionally, any conflict arising from these differing reqijrements has 
not been considered or addressed. 



1 S Summary of the Invention 

The present inventors have realised that it would be desirabl| to modify 
the conventional outer loop power control process when two or moi^ differing 
services are being commtmicated. 



20 



In a first aspect, the present invention provides an outer loopQpower 
control method performed in a radio communications system, the nlktiiod 
comprising: determining that a pltu-ality of different services are bei ig 
communicated; performing a comparison with respect to the differe||it services; 
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and providing an inner loop power control performance target in a planner 
dependent upon the comparison. 



10 



In a further aspect, the present invention provides an outer Idbp power 
control method performed in a radio communications system, the xt ^ihod 
comprising: selecting one of a plurality of services being communicated; and 
providing the inner loop power control performance target of flie selected service 
for use in an inner loop power control method for the services. Selecj|ing the one 
service may comprise selecting the service which is the least delay t( lerant 
service. Selecting the one service may be based upon a comparison c F one or 
more quality of service characteristics or requirements of the service Selecting 
the one service may comprise receiving an input from a user or opei{ptor 
specifying the service. 



15 



20 



25 



In a further aspect, the present invention provides an outer Idbp power 
control method performed in a radio communications system, the rr Bthod 
comprising: periodically calculating^ for each of a plurality of differs it service 
being communicated/ a separate change to the current inner power 1 x>p 
performance target; comparing the residting respective current inne power loop 
performance target changes; identifying the largest of tihe resulting i ^spective 
current inner power loop performance target changes; and changing the current 
inner power loop performance target by the amount of the identifiec largest 
resulting respective current iimer power loop performance target ch inges to 
arrive at ttie inner loop power control performance target being pro^ ided. 
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In a further aspect, the present invention provides an outer Idbp power 
control method performed in a radio communications system, the n ethod 
comprising: periodically calculating, for each of a plurality of dif fer< nt services, a 
separate new inner loop power control performance target value; cc npaiing the 
resulting respective inner loop power control performance taiget va ues; 
identifying the highest inner loop power control performance targel value from 
eimong the resulting respective inner loop power control performan :e target 
values; and using the identified highest inner loop power control p< rformance 
target value as the inner loop powCT control performance target beij g provided. 
In this aspect the method may further comprise: determining that c le of the 
resulting respective inner loop power control performance target V2 ues difiers 
from the resulting respective inner loop power control performance target value 
of one or more of the other services by more than a predetermined i ureshold for 



15 more than a predetermined time; and responsive thereto, adjvisting 



ate matching 



parameters of one or more of the services to bring the differing resp sclive inner 
loop power control performance target value doser to the resulting espective 
inner loop power control performance target values of the one or m >re other 
services. 



In any of the above aspects, the inner loop power control performance 
target may be a signal to interference ratio, SIR, target. 



In any of the above aspects, the radio communication systexx&may be a 
25 cellular radio communications system, and in particular may be a ijklTS system. 
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In a further aspect, the present inventicm provides a storage c|[ediuin 
storing processor-implementable instructions for controlling a proc€|^or to carry 
out the method of any of the above mentioned aspects. 



10 



In a further aspect, the present invention provides an apparalilis for 
performing an outer loop power control method in a radio commun cations 
system, comprising: means for determining that a plurality of diffen nt services 
are being conununicated; means for performing a compariscm with i aspect to the 
different services; and means for providing an inner loop power corKiol 
performance target in a manner dependent upon the comparison. 



In a further aspect, the present invention provides an apparaiiUs for 
performing an outer loop power control method in a radio commmi cations 

1 5 system, comprising means for selecting one of a plurality of services being 
communicated; and means for providing the inner loop power conti H 
performance target of the selected service for use in an inner loop pn wer control 
method for the services. The means for selecting the one service ma} comprise 
means for selecting the service which is the least delay tolerant servi «. The 

20 means for selecting the one service may comprise means for basing i le selection 
upon a comparison of one or more quality of service characteristics < r 
requirements of ttie services. The means for selecting the one service may 
comprise means for receiving an input from a vser or operator speci||ying the 
service. 



25 
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In a further aspect^ the present invention provides an apparalttis for 
performing an outer loop power control metiiod in a radio commirn cations 
systenv comprising: means for periodically calculating^ for each of a plurality of 

5 services being communicated/ a separate change to the current innei power loop 
performance target; means for comparing the resulting respective ci rrent inner 
power loop performance target changes; means for identifying Hie h rg/est of tiie 
resulting respective current umer power loop performance target ch mges; and 
means for changing the current inner power loop performance targe : by the 

1 0 amount of the identified largest resulting respective current inner p< wer loop 
performance target changes to arrive at tiie inner loop power contro 
performance target being provided. The apparatus may furflier com jrise: means 
for periodically calculating, for each of the services, a separate new i iner loop 
power control performance target value; the means for performing i comparison 

1 5 with respect to the different services may comprise means for comp ring the 
resulting respective inner loop power control performance target va ues; means 
for identifying the highest inner loop power control performance ta get value 
from among the resulting respective inner loop power control perfo mance 
target values; and means for using the identified highest inner loop 



20 control performance target value as the inner loop power control pc :f ormance 
target being provided. The apparatus may further comprise: means for 
determining that one of the resulting respective iimer loop power a ntrol 
performance target values differs from the resulting respective iiuie loop power 
control performance target value of one or more of the other service \ by more 

25 than a predetermined threshold for more tfian a predetermined tim ; and means 



X)wer 
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for adjusting, responsive thereto, rate matching patameteis of one o|| more of the 
services to bring flie difCering respective inner loop power control pjrformance 
target value closer to the resulting respective inner loop power contjol 
performance target values of the one or more other services. 

5 

In each of the above mentioned apparatus, the inner loop po^ control 
performance target may be a signal to interference ratio, SIR, target. 

Each of the above mentioned apparatus may be an element o| a cellular 
10 radio communications system, in particular a UMTS system. 

The present invention tends to alleviate or resolve conflict arising from 
differing requirements with respect to outer loop power control of c i^erent 
services being communicated. The present invention tends to provit e an 
15 unproved balance between quality of service requirement and overju power 
consumption when different services are being communicated. 



20 



Brief Description of the Drawings 

Embodiments of ttie present invention will now be describectt by way of 
example onty, witfi reference to flie accompanying drawings, in wh|di: 



25 



FIG. 1 is a schematic illustration of a cellular communication^ sy^stem 
compliant vwth, and containing network elements of, UMTS; 
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nG. 2 is a block diagram of a commimications uiiit; 

FIG. 3 is a process flowchart showing a siunmaiy of the proc€^ steps 
S carried out in a first embodimeiit of tiheinveiition; 

FIG. 4 is a process flowchart showing a summary of fhe proems steps 
carried out in a second embodiment of the invention; 

10 FIG. 5 is a schematic illustration showing simplified plots of ^|DR targets 

provided in titie case of two services as a function of time; 

FIG. 6 is a process flowchart showing a summary of fhe proc^ steps 
carried out in a third embodiment of the invention; 

15 

FIG. 7 is a schematic illustration showing further simplified plots of SIR 
targets provided in fhe case of two services as a function of time; an^ 

FIG. 8 is a process flowchart showing a summary of the proc^^ steps 
20 carried out in a fourfii embodiment of the invention. 



Description of Preferred Embodiments 
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FIG. 1 is a schematic illustration of a celliilar coinmuiucatioiis|f5ystem 60 
compliant with/ and containing network elements of, UMTS. 



10 



15 



A plurality of mobile stations, referred to under UMTS termii ology as 
user equipments (UE's) 62, 64, 66 communicate over radio links 18, : 9, 20, 21 
with a plurality of base stations, referred to imder UMTS terminolo^ y as Node- 
B's, 22, 24, 26, 28, 30, 32. The system comprises many other UE's an< base 



stations, which for clarity are not shown. In this example each UE 62 



64, 66 is a 



mobile telephone equipped with multi-media and internet browsing capability. 

The Node-B's 22-32 are connected to external networks, for e^ljample, tiie 
public-switched telephone network (PSTN) or the Internet, 34 through base 
station controllers, referred to under UMTS terminology as Radio N twork 
Controller stations (RNC), including flie RNCs 36, 38, 40 and mobilt switching 
centres (MSC's), such as MSG 42 (the others are, for clarity, not shov n) and 
Serving GPRS Support Nodes (SGSN) sudi as SGSN 44 (the others a -e, for 
clarity, not shown). 



Each Node-B 22-32 contains one or more transceiver units anA 
20 commimicates with the rest of the cell-based system inf rastmcture v|a the Tub 
internee 35 as defined in the UMTS specification. 



Each RNC 36-40 may control one or more Node-B's 22-32, Eattii MSG 42 
provides a gateway to the external network 34, whilst the SGSN 44 links to 
external packet networks. 
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The Operations and Management Centre (OMC) 46 is operab Ir connected 
to RNCs 36-40 and Node-B's 22-32 (shown only with respect to Noc a-B 26 and 
Node-B 28 for darity), and administers and manages the parts of the cellular 
telephone communication system 60, as will be understood by those||skilled in 
die art 



In this embodiment, the Node-B's 22-32 and the UE's 62-66 hdkre been 
adapted, to offer, and provide for, an adapted form of outer loop pojkrer control, 

10 as wiU be described in more detail below- More particularly, in this Anbodiment 
both the Node-B's 22-32 and tiie UE's 62-66 have been adapted to imblement the 
present invention, such that in this embodiment the invention may 1^ applied to 
both downlink (from Node-B to UE) and uplink (from UE to Node-I 
transmissions* However, in other embodiments the invention may b : applied by 

15 adapting just one of the types of commimications units (Node-B's oijjUE's ). 



More generally, the adaptation may be implemented in the rdbpective 
communications imits in any suitable manner. For example, new apparatus may 
be added to a conventional communications imit, or alternatively ex sting parts 
20 of a conventional communications unit may be adapted, for example by 
reprogramming of a one or more processors tiierein. As such the rec lired 
adaptation may be implemented in the form of processor-implemen able 
instructions stored on a storage medium, such as a floppy disk, har<|disk, 
PROM, RAM or any combination of these or other storage media. 



25 
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It is also within the oontemplation of the invention that such dldaptation of 
transmission characteristics may alternatively be controlled, implem sited in full 
or implemented in part by adapting any other suitable part of the 
communications system 60. For example, the RNC's 36-40 (pr equiv< lent parts in 

5 other types of systems) may be adapted to provide some or all of tii€ 

implementation provided in this embodiment by the Node-B's 22-3C Further, in 
the case of other network infrastmctures, implementation may be at my 
appropriate node such as any other appropriate type of base station, base station 
controller etc Alternatively the various steps involved in determinii g and 

10 carrying out such adaptation (as will be described in more detail bel >w) can be 
carried out by various components distributed at different locations >r entities 
within any suitable network or system. 



As mentioned above;, in this embodiment both the Node-B's 2 2-30 and 
15 UE's 62-66 are adapted such that flie invention may be applied in bo h uplink 
and downlink direction. As such the following description will be ir ide in terms 
of downlink transmission from Node-B 24 to UE 62 over radio link 2 I, but it will 
be appreciated the description applies also to uplink transmission fr|m UE 62 to 
Node-B 24, and so on. Also, in this embodiment Node-B 24 and UE ( 2 aie of the 
20 same basic form with respect to aspects relevant to understanding fl is 

embodiment, and thus each constitute a basic commtmications unit 10 as 
illtistrated in block diagram form in FIG, 2, and which will now be rfferred to in 
the further description of this embodiment. 
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Eadi communications unit 110 contains an antenna 202 couplbd to a 
duplex filter or circulator 204 that provides isolation between receiv| and 
transmit chains within the communications unit 110, 

5 The receiver chain, as known in the art, includes scanning recMver front- 

end circuitry 206 (effectively providing reception, filtering and intermediate or 
base-band frequency conversion). The scanning front-end circuit is |eiially 
coupled to a signal processing function 208. 

10 An output from ttie signal processing function is provided to output 210. 

In the case of UE 62, output 210 indudes a loudspeaker for audio ov put, a 
display and a data services output In the case of Node-B 24, output ilO 
comprises interface means for commiuucating with RNC 38. 

1 5 The receiver chain also indudes received signal strength indicator (RSSI) 

drcuitry 212, whidi in turn is coupled to a controller 214 that operates to 
maintain overall control of the different functions and modules of 1 
communications imit 110. The controller 214 is also coupled to the dbaiming 
receiver front-end circuitry 206 and the signal processing function 2|8 (generally 

20 realised by a digital signal processor, Le. DSP). 

The controller 214 indudes a memory 216 that stores operatii g regimes, 
induding those of interest vnth respect to this invention such as coc ng and 
interleaving (when transmitting) and decoding (when receiving), Tl||e above 
25 mentioned storage medium may form part or all of memory 216. 
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A timer 218 is typically coupled to tiie controller 214 to contrdl the timing 
of operations (transmission or reception of time-dependent signals) ||dttiin the 
commimications unit 110. 



As regards the transmit chain, this includes an input 220. In tfle case of UE 
62, input 220 indudes a microphone for a user's voice input and a k|yboard. In 
the case of Node-B 24, input 220 comprises interface means for recei ing 
commimication from RNC 38. The input devices are each coupled in series 
10 duou^ transmitter/modulation circuitry 222 and a power amplifier 224 to the 
antenna 202. The transmitter/modulation circuitry 222 and the powe| amplifier 
224 are operationally responsive to the controller. 



The various components within each communications unit 11 ) are 
1 5 realised in this embodiment in integrated component form. Of cours i, in otiier 
embodiments, they may be realized in discrete form, or a mixture of integrated 
components and discrete components, or indeed any other suitable 1 arm. 
Further, in this embodiment the controller 214 including some or all 3f memory 
216, is implemented as a programmable processor, but in other embi diments can 
20 comprise dedicated circuitry or any otiier suitable form (for exaunpU a part of 

memory 216 may be in RAM form integrated with a processor, wheijpas a furtiier 
part may be provided by a floppy disk or CD-RAM. 
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Certain details of the implementation of the inner loop and o|iter loop 
power control processes will now be described. First, the situation \|hen just one 
service is being communicated will be described. 



5 For the inner loop power control, the performance target emj loyed is tfiat 

of signal to interference ratio (SIR). Power control is implemented b; ' 
determining the SIR, usually at every timeslot (which in UMTS is e\ ay 0.67 
msec). The determined SIR is compared to a SIR target, and the povN 2r level is 
adjusted accordingly. Thus^ in terms of downlink transmission from Node-B 24 

10 to UE 62 over radio link 21, and considering UE62 as constituted by 

communications unit 110, controller 214 assesses the SIR for transm^ ssions it 
receives from Node-B 24 against tfie relevant SIR target, and then trinsmits a 
resulting power control instruction (known as tremsmit power contnbl, TPC) to 
the Node-B 24 such that Node-B 24 can then adjust its transmitted p|pwer 

IS accordingly. 



Furthermore, by virtue of the outer loop power control^ the vllue of tfie 
SIR target used by the UE 62 in the process described in the precedii g paragraph 
is itself varied by controller 214 of UE 62. This variation is carried o it at a less 
20 frequent rate ttian the iimer loop power control assessments and adj istments, in 
ttus example every few hundred microseconds. The controller 214 o UE 62 
monitors a further performance aspect, and then determines change ; in the SIR 
target dependent upon the monitored level of the further perf ormar :e aspect. 



using an outer loop power control algorithm, such as the sawtooth 



gorifhm. 



25 
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In UMTS, the furttier performance aspect may be chosen as aily one of 
various Quality of Service (QoS) parameters/ but typically Frame En jsure Rate 
(FER) is xised for voice communication and Block Error Rate (BLER) |s used for 
data commuiucation. 



It is noted that corresponding features to those described abof e with 
respect to communicatians tmit 110 are also found in conventional 
communications tmits (i.e. base stations and UE's). Likewise, the inr ?r and outer 
loop power control processes described above are also implemented in 

10 conventional communications units (i.e. base stations and UE's). Ho vever, 
communications unit 110 (i.e. Node-6 24 and UE 62) differ over com entional 
commtmications units by virtue that the controller 214, including xm mory 216, 
and where appropriate, the signal processing function 208 and the 
transmitter/modulation circuitry 222 is adapted to provide an adaptttd form of 

15 the outer loop power control process, when plural services are being 

communicated (i.e. each of the plural services is carried on a respect ve transport 
chaimel of tiie same physical channel), as will be described in more < etail below. 



In this first embodiment, when plural services are being comi itmicated, 
20 only one outer loop power control algorithm, i.e. for one of the servi :es, is 
performed/ and this provides the SIR target for use in the inner loop power 
control algoiitiun. The service whose SIR target is used as tiie sole S ^ target may 
be selected in various ways. 
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For example, the least delay tolerant of the services may be sdlectecL 
Another possibility is tfiat the selection of the service may be based i pon a 
comparison of one or more quality of service characteristics or requiiements of 
the services. 



10 



Another possibility is that the service may be selected by a usifer of the UE 
62 or an operator of part or all of the system 60. In tiiis case, the UE 42 or system 
60 receives an input from a user or operator specifying the service tc be selected. 
The user or operator may be prompted to choose, or otherwise choo ;es, to select 
the service he considers to be the most important of ttie plural servii as according 
to his needs. 



15 



In this embodiment, the service selected is the least delay toldtant one, and 
hence the SIR target normally used for the selected least delay toler^it service is 
used as the SIR target for the outer loop power controL 



20 



More generally, the selection of the service whose SIR target 3 used as the 
sole SIR target may be made according to various possibilities, whic i may in 
general be specified according to the requirements of the particular ystem or 
circumstances under consideration. 



25 



FIG. 3 is a process flowchart showing a summary of the proci ss steps 
carried out in this first embodiment by the UE 62 (for the present ac :oxmt of 
power control as applied to the downlink transmission), when then are two 
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services being communicated, e.g. a (first) speech service and a (sea nd) data 
service. At step s2, the UE 62 determines the delay tolerance of the £ rst service. 
At step s4, the UE 62 determines the delay tolerance of the second si rvice. At 
step s6/ the UE 62 compares the determined delay tolerances and de ermines 
v^hich is the least delay tolerant of tiie services. At step s8, the UE 62 sets and 
uses its SIR target as that normally iised by the determined least del ly tolerant 
service. For power control as applied to the uplink transmission, coi|responding 
process steps are performed by tiie Node-B 24 (or RNC 38). 



10 A second embodiment will now be described. In this second |mbodiment, 

the same apparatus and processes as described for the first embodir^ent above 
are employed, except where mentioned in the following. 



In UMTS, a Time Transmission Interval (TTI) is defined, whiAi is a period 
15 of coding and interleaving. The length of fliis will depend on the sei rice beuig 
commimicated or provided, and will usually have a duration of one of 10 msec, 
20 msec, 40 msec or 80 msec. 



In this second embodiment, a single SIR target is initiaUy set. li^t ttie end of 
20 each TIX the block errors and quality estimates for each of the plura transport 
channels (each one carrying a respective one of the pliiral services) £ ne used to 
determine a respective potential change in die SIR target. Thus, for e <ample, in 
the case of two services, at the end of each TTI, two different potenti d SIR target 
change values are determined, one derived from each service. Any uitable outer 
25 loop power control algorithm may be used for this, e.g. a sawtooth ^gorithm. 
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Then the plural (hexe, two) calculated potential SIR target dianges a|j:e compared, 
and the greater of tine two is used as tiie actual SIR target change, i.€ theSIR 
target used in the injier power loop control algorithm over the couri 2 of the next 
TTI is changed by afli amount equal to the greater of ttie two derivec potential 
SIR target change vajlues. This provides a process whereby the requ: cements of 
both services tend tp be met or exceeded. 



In other versions of this second embodiment, the respective p 3tential 
changes in the SIR target may be determined at time intervals other han at the 
10 end of each TIT. Such time intervals may be constant, or varied acoo ding to any 
suitable algorithm, and may be based upon TTI's or any other suitane timing 
consideration. 



15 
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FIG. 4 is a process flowchart showing a summary of the procd^ steps 
carried out in tiiis second embodiment by the UE 62 (for the present iccount of 
power control as applied to the downlink transmission), when there are two 
services being communicated, e.g. a (first) speech service and a (secc ad) data 
service. At step si 2, the UE 62 determines whether there are plural s irvices being 
Gommimicated. When the outcome is that there are not plural servio s, then this 
particular process is ended (although it will typically be repeated wl enever the 
service status is detected as changed by virtue of some other ongoin; process). 
However, when the outcome is that there are indeed plural services, flien the 
process moves to step sl4. At step sl4, the UE 62 identifies tixat the r ixt time 



interval is reached, Le. in this embodiment that the TTI has ended. Ir 



25 embodiment there are two services being commujiicated, hence at st p sl6, tiie 



this 
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UE 62 calculates a SIR target change for the first service and at step |18, the UE 62 
calculates a SIR target change for the second service. At step s20/ the UE 62 
compares the two respective services' SIR target changes and determines which 
is the highest. At step s22, the UE 62 provides the highest (here higqpr of two) 




SIR target change for use as tiie required change or increment in the||inner loop 
power control process, i.e. the highest of the determined SIR target Aiang^ is 
provided for use in the inner loop power control process where the nner loop 
power control SIR target is consequently changed by that amoimt 1 tie process 
then returns to step sl2, and so on, imtil it is determined on one of t le repetitions 
10 of step sl2 that there are no longer plural services being commtmicz :ed. (The 
actual use of the highest SIR target change in the inner loop power ( ^ntrol 
process is not shown as such in FIG. 4, as ttie timing of this is not ne essarily 
consistent with the return to step sl2 from step s22 in the process fl(J|wchart of 
FIG. 4.) 



For power control as applied to the uplink transmission^ corr|^onding 
process steps are performed by the Node-B'24 (or RNC 38)^ 



Thus, in overview, in this second embodiment/ a separate coijlrection to the 
20 SIR target is periodically, i.e. at time intervals, calculated for each respective 

service. For each such time interval, the resulting respective requireji SIR target 
changes are compared, and the highest change is used as tiie overaul derived 
correction to the SIR target from that time interval. 
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A third embodiment will now be described. In this tiiird emb(Hdiment/ the 
same apparatus and processes as described for the first and second embodiments 
above are employed, except where mentioned in the following. 



5 In this third embodiment, a separate respective outer loop po^irer control 

algorithm is performed for each of the plural services being commtu icated. Thus 
plural outer loop power control algoridims are run in parallel. Cons< quently, 
after each calculation time interval of the algorithms, a respective cu rent SIR 
target will have been calculated for each service, FIG. 5 is a sdiemati : illustration 

10 showing^ by way of example, simplified plots of the SIR targets prov ded in the 
case of two services, namely a plot 301 of the SIR target calculated fo ' the first 
service (data, say) and a plot 302 of the SIR target calculated for the s scond 
service (voice, say) as a function of time. As shown in FIG. 5, each of the plots is 
formed of values of the respective SIR targets determined at consecu ive time 

15 points to, ti, t2 ... b, each of these occurring at tihe end of a time interv il 304. In 

this embodiment, each time interval 304 is a TTI, and each time poin to, ti, t2 ... t», 
is at the end of a respective TTI. For darity, the plots 301, 302 in FIG. 5 are only 
shown over tiie covirse of nine time intervals 304, however it will be ippredated 
that in normal operation there will be a very large number of time in :ervals over 

20 the course of, say, a typical calL 



25 



jj^speddve 
is used as 



oi e 



In this third embodiment, at ead\ time point to, ti, t2 . t^, the 
SIR targets of the different services are compared, and the hi^est 
the SIR target, i.e. the value for the SIR target used in the inner pow * loop 
control algorithm over fl\e course of the next TTI is the highest SIR t|rget from 
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amongst iiie respective SIR targets determined for each service. In thfc example 
shown in FIG. 5, as can be seen by comparing plot 301 ofttieSIRtarf stof the 
first service with plot 302 of the SIR target of the second service, the i IR target of 
the first service is higher than the SIR target of the second service foi time points 

5 to to t5 inclusive; whereas the SIR target of the second service is highc r flian the 
SIR target of the first service for time points t6 to t9 indusive- Thus, ir ttiis 
example, the SIR target of titie first service is used in the inner loop p wer control 
process as the overall SIR target for time points to to ts, whereas the S R target of 
the second service is used in the iimer loop power control process as the overall 

10 SIR target for time points te to t9. 



As in the case of ttie earlier described second embodiment, thi third 
embodiment proAddes a process whereby the requirements of both s rvices tend 
to be met or exceeded, but in comparison to the second embodiment provides a 
15 further potential advantage of consunung less power than the seconi 

embodiment, since there will potentially be occasions when the SIR i arget is 
decremented in this third embodiment but would have been increm|tited in ttie 
second embodiment 



20 In other versions of this third embodiment, the respective SIK targets may 

be determined at time intervals other than at the end of eadh TTL Su th time 
intervals may be constant, or varied according to any suitable algorijpn, and 
may be based upon TTI's or any other suitable timing consideration. 
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HG. 6 is a process flowchart showing a summazy of the process steps 
carded out in this third embodiment by the UE 62 (for the present ac :x>unt of 
power control as applied to the downlink transmission), when there are two 
services being communicated, e.g. a (first) speech service and a (sect id) data 
5 service. At step s32, the UE 62 determines whether fliere are plural J xvices being 
commimicated. When the outcome is that there are not plural servio s, then this 
particular process is ended (alfhougjh it will typically be repeated wl enever tiie 
service status is detected as changed by virtue of some other ongoin ; process). 
However, when the outcome is that there are indeed plural services, then the 
10 process moves to step s34. At step s34, the UE 62 identifies that flie i ext time 
interval is reached, Le. in this embodiment that flie TTI has ended. l| this 
embodiment there are two services being communicated, hence at s4p s36, the 
UE 62 calculates a SIR target value for the first service and at step ssl, the UE 62 
calculates a SIR target value for the second service. At step s40, the t|e 62 
compares the two respective services' SIR targets and determines wl ich is the 
highest. At step s42, the UE 62 provides the hi^est (here higher of 1 vo) SIR 
taiget values for use as the updated SIR target value in the inner loo > power 
control process, i.e. the highest of the determined SIR targets is prov ded for use 
as the SIR target in the inner loop power control process. The proces ; then 
returns to step sl2, and so on, until it is detamined on one of the re etitions of 
step sl2 that there are no longer plural services being communicatee . (In 
practise, the UE 62 will typically also actually use the provided higli jst SIR target 
value as tiie SIR target in the inner loop power control process, but 1 lis is not 
shown as such in FIG. 6 as the timing of this is not necessarily consi: tent with the 
25 return to step s32 from step s42 in the process flowchart of FIG. 6.) 
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For power coilitrol as applied to the uplink transmission, corr^spcmding 
process steps are peitf ormed by ttie Node-B 24 (or RNC 38). 

Thus, in oven|dew, in this third embodiment, a separate new fllR target 
value is periodically; i.e, at time intervals, calculated for each respeci ive service. 
For each sudi time imterval, the resulting respective SIR taigets are c >mpared 
and the highest SIR target value is used as die overall new SIR targei value from 
that time interval. 

A f ourdi embodiment will now be described. In this fourth ei&bodiment/ 
the same apparatus and processes as described for the first, second ^d third 
embodiments above are employed, except where mentioned in the fallowing. 



15 This fourth exnbodiment is based on &e above described third 

embodiment, but comprises a further adjustment stage, in v\Mch if il is 
detemiined that the calculated SIR target of any of the services is, o^i a: a 
predetemiined amomnt of time, or predetermined number of time ir :ervals, 
particularly high or low compeared to the calculated SIR targets of th ; other 

20 services, for example die difiEerence is greater flian a predetermined hieshold, 
then the rate matchiiig parameters of one or more of the services are adjusted to 
bring the particularly high or low SIR target and the SIR targets of a e other 
services doser together. 
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A situation where this may be applied is for the case of the 
provided according to the method of the third embodiment above if their values 
with time are f oxmd to be of, say, a form as shown schematically in 1 IG. 7. FIG. 7 
is a schematic illustration showing, by way of another example, furt ler 
simplified plots of flie SIR targets provided in the case of two servio s. FIG. 7 
uses the same reference ntmierals to identify the same features as wi re used in 
FIG. 5. 



10 



IS 



20 



In the example of FIG. 7, the plot 302 of the SIR target calculaled for the 
second service is higher than plot 301 of the SIR target calculated io: the first 
service by more than a predetermined threshold 401 over the course of a 
predeterminednumberofTIl time intervals 304, which in this simp ified 
example is nine time intervals. (In practical systems, rather than thii simplified 
example, the number of time intervals required to be satisfied will t pically be 
much higlher ttian ttiis, and will be specified or selected, along with he difference 
threshold 401, by the skilled practitioner according to the i^quireme nts of the 
particular system or circumstances under consideration.) This impli ^ that the 
quality of service of the second service may be better tiian it needs t > be, vriih 
unnecessarily high consumption of power. The power/performance balance is 
potentially improved by the following process carried out in this f oi irth 
embodiment. 



In response to the difference between the respective SIR targttts of the two 
services being more than a predetemiined threshold for more than 
predetermined time, the rate matching parameters of both services ire altered, to 
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bring the respective SIR targets doser toge&er. In particular, repetitibn is added 
to the first service, and puncturing is added to the second service, Tl is may be 
implemented in any suitable fashion, although in this embodiment t ds is 
conveniently implemented mid-call using existing messages known is Radio 
Resource Control (RRC) message Transport Channel Reconfigure. (I i other 
versions of ttds embodiment, the adjustment comprises only either r ^petition 
being added to the first service or puncturing being added to the sec md service. 
In the case of more than two services, any combination of adding rej etition to 
one or more of the services with relatively lower SIR target, and/or a Iding 
puncturing to one or more of the services with relatively higher SIR | arget may 
be employed.) 



15 



More generally, in other versions of this fourth embodiment, |he 
adjustment may be triggered by comparison of an average differenc : between 
the SIR targets of plural services over a given time to the predeterm^ led 
difference titureshold. 



20 



25 



Furthermore, the above described monitoring of the different al with 
respect to the predetermined threshold 401 may be carried out at all times, or 
triggered by any predetermined event or parameter values as requi ad. One 
particular possibility is to trigger this process when the process des^ cibed for the 
third embodiment above continues for a given amount of time or nt mber of time 
intervals without the respective plots of the SIR targets of the two s< rvices 
"crossing over", i.e. changing with respect to which is the higher va ue (or in the 
case of more than two services, whm the plot of the SIR target of orj 2 service 
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does not cax>ss over any of the plots of the other services during a gi\jjsn amotrnt 
of time or number of time intervals). 



10 



FIG. 8 is a process flowchart showing a summary of the proce|te steps 
carried out in this fourth embodiment by the UE 62 (for the present i ccotmt of 
power control as applied to the downlink transmission), when there ire two 
services being conmnmicated, e.g. a (first) speech service and a (secc id) data 
service. Steps s32, s34, s36, s38, s40 and s42 are as described above fJt the third 
embodiment. 

In addition, after step s40, at step s50, the difference between the SIR 
targets of the two services is compared to a criterion or criteria. In tii s example, 
the criteria are that the difference in the SIR targets at this time inter ^al 304 is 
greater than the predetermined threshold 401, and that this is the niftth 

1 5 consecutive time interval 304 for which this is the case. If these critei ia are not 
met, then the process moves to step s42. However, if these criteria aj s met, then 
the process moves to step s52. At step s52, the UE 62 provides (inter lal) 
adjustment instructions for adjusting the rate matching parameters < n the first 
service and/or the second service. In this example, the adjustment in structions 

20 are for adding repetition to the first service and adding puncturing 5 the second 
service. The process flien moves on to step s42, (In practise, the UE ( 2 will 
typically also actually implement the provided adjustment instructi ins, but this 
is not shown as such in FIG. 8, as the timing of this is not necessarilj consistent 
v^th the return to step s32 from step s42 in the process flowchart of pIG. 6.) 

25 
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For power coijitrol as applied to the uplink transmission, corr^onding 
process steps are peijfonned by the Node-B 24 (or RNC 38). 

In the flowcharts of FIGs. 4, 6 and 8, all process steps are shoijhi (and 
described in the conjesponding part of the description) as being imp emented 
one after the other, but it wiU be appredated that many of the steps, or example 
step 52 and st^ s4 im FIG. 3, step $16 and step sl8 in FIG. 4, and stef s36 and step 
s38 in FIG. 6 and 8, may be performed at the same time in para el or in 
some other overlappjing manner. 

Although in certain of the above embodiments the number oildifferent 
services is two, it vrijl be appreciated that the invention is applicable to pluralities 
of services comprising more than two services. Also, in the case of t /o or more 
seirvices, one of the s|ervices of the plurality of services may in fact b a signalling 



IS channeL 



20 



25 



In the above embodiments the inner loop power control performance 
target is a SIR targetj, but in other embodiments other performance tlkrgets may 
be employed. 

The above en|ibodiments are implemented in a cellular radio 
commtmications system, more particularly a UMTS system, in whic i inner loop 
power control and cjuter loop power control are defined in the UM^ S standards 
and are well known to the skilled person. However, other embodin ants may be 
implemented in other t3^es of cellular radio communications systei is, and more 
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generally in other types of radio commuiucations systems, whidi hajlre inner loop 
power control and outer loop power control. Hie terms "inner loop )Ower 
contror' and ^outer loop power control" are to be understood to ext nd, as 
appropriate in the case of radio communications ^sterns other thanlUMTS, to 
5 any power control arrangements, processes or algorithms in which i first 

parameter or pluraUjty of parameters or function is assessed against i target on a 
first timescale to determine possible power changes (ie. iimer loop j ower 
control) and where the target itself is adjusted in view of a second p tameter or 
plurality of parameters or function on a second timescale longer tha i flie first 
1 0 timescale (Le. outer Joop power control), even if such power control ispects are 
not caUed "inner loqp" and "outer loop" as sudi in the terminology ([isually used 
for such sjrstems. 



15 
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CLAIMS 

1 . An outer loop power control method performed in a radio 

communications system, the mediod comprising: 

determining that a plurality of different services are being co|unimicated; 
performing a comparison with respect to the different servic^; and 
providing an inner loop power control performance target in t manner 

dependent upon the comparison. 



1 0 Z A method according to claim 1, wherein the step of performing a 

comparison with respect to the different services comprises selectinl one of Uie 
services; and the step of providing the inner loop power control perlormance 
target comprises providing the inner loop power control performance target of 
the selected service. 

15 

3. A method according to daim 2, wherein selecting one of the Services 
comprises selecting the service which is the least delay tolerant service. 

4. A method according to daim 2, wherein selecting one of the flervices is 
20 performed based upon a comparison of one or more quality of serv^^e 

characteristics or requirements of the services. 

5. A meOiod according to daim 2, wherein selecting one of the flervices 
comprises receiving an input from a user or operator specifying thdkervice. 

25 
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6« A mediod according to daim 1^ furflter comprising: 

periodically calculating, for each of die services, a separate d^tnge to the 
current inner poweriloop performance target; 

wherein perfcbrming a comparison with respect to the differe|t services 
5 a>mprises comparirijg the resulting respective curroit inner power l|op 
performance target changes; 

identifying the largest of die resulting respective current inn^^ power loop 
performance target iphanges; and 

changing the current inner power loop performance target b j the amotmt 
10 of the identified largest lesulting respective current inner power loc ? 
performance target dianges to arrive at the inner loop power contrc 
performance target bdng provided. 

7, A method according to daim 1, further comprising: 
1 5 periodically calculating, for each of the services, a separate n|w inner loop 

power control perfosrmance target value; 

v^erein performing a comparison with respect to the differelkt services 

comprises comparii^g the resulting respective inner loop power conj|roI 

performance target veilues; 
20 identifying die highest inner loop power control perf ormancft target value 

from among the resulting respective inner loop power control perf amance 

target values; and 

using the identified highest inner loop power control performance target 
value as the inner loop power control performance target being proj|aded. 



25 
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8. A method according to daim 7, further comprising: 

detennining Chat one of the resulting respective inner loop pollver control 
performance target values diners from the resulting respective iimeittoop power 
control performance target value of one or more of the other service Jby more 
than a predetermined dueshcdd for more than a predetermined time 

responsive flif reto, adjusting rate matching parameters of on* or more of 
the services to bring ittie differing respective inner loop power contrd I 
performance target value closer to the resulting respective inner loo J power 
control perfoimance. target values of the one or more other services. 

9. A method accordmg to any of dauns 1 to 8, wheiem the iime|loop power 
omtrol performance: target is a ^gnal to interference ratio, SIR, targJL 



10. A method according to any of claims 1 to 9, wherein ttie ra. 
1 5 communication system is a cellular radio communicatirais sj^tem. 

11. A mefiiodacoording to daimlQ, wherein title cellular radio 
communications system is a UMTS system. 



20 12. A storage medium storing processor-implementable instruct|jns for 



controllmg a processor to carry out tiie method of any of daims 1 toj|ll. 



13. Apparatus foir performing an outer loop power a>ntrol meth|d in a radio 
commimications system, comprising: 
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means for detemiining fhat a plurality of diff^ent services ar| being 
Gomiminicated; 

means for penforming a comparison with respect to ttie diff er|nt services; 

and 

5 means for providing an inner loop power control performance^ target in a 

manner dependent upon the comparison. 

14. Apparatus according to claim 13^ wherein ttie means for performing a 
comparison with respect to the different services comprises means fttr selecting 

10 one of the services; and the means for providing the inner loop pow|r control 
performance target comprises means for providing the inner loop pjfwer control 
performance taxgiet of the selected service. 

15. Apparatus according to claim 14, wherein the means for sele|ting one of 
1 5 the service comprises means for selecting the service which is the l|ast delay 

tolerant service. 

16. Apparatus according to daim 14, wherein the means for sele :±ing one of 
the services comprises means for basing the selection upon a comp^ rison of one 

20 or more quality of service characteristics or requirements of the sen|ices. 

17. Apparatus according to daim 14, wherein the means for sdlJcting one of 
the services comprises means for receiving an input from a user or Operator 
specifying die service. 



25 
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18. Apparatus according to daim 13^ further compriang: 

means for periodically calculating, for each of the services, a s|^parate 

change to the current inner power loop performance target; 
5 wherein the means for performing a comparison with respect to the 

different services comprises means for comparing the resulting resplctive 

current inner power loop performance target changes; 

means for identifying the largest of the resulting respective a^ent inner 

power loop performance target changes; and 
10 means for changing the current inner power loop performandp target by 

the amount of the idientified largest resulting respective current inndr power loop 

performance target dlianges to arrive at the inner loop power contro|| 

performance target being provided. 

1 5 19. Apparatus according to daim 13, further comprising: 

means for periodically calculating, for each of the servias, a |eparate new 
inner loop power control performance target value; 

wherein the ijaeans for performing a comparison with respedjto the 
different services copiprises means for comparing the resulting resplpctive inner 
20 loop power control performance target values; 

means for identifying the highest inner loop power ccmtrol performance 
target value from among the resulting respective inner loop power |ontrol 
performance target values; and 
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means for usang the identified highest inner loop power CQnt]|>l 
performance target value as the inner loop power control perf ormaifs target 
being provided. 

S 20. Apparatus acf:ording to daim 19, further comprising: 

means for detjennining that one of ttie resulting respective ini jer loop 
power control performance target values differs from the resulting i ?spective 
inner loop power control performance target value of one or more ol the other 
services by more than a predetermined threshold for more than a pijpdetermined 

10 time; 

means for adjusting, responsive thereto, rate matching paranjbters of one 
or more of tihe services to bring the differing respective inner loop plwer control 
performance target value closer to the resulting respective inner loo|) power 
control performance target values of the one or more other services. 

15 

21. Apparatus according to any of daims 13 to 20, wherein the loop 
power control perf oirmance target is a signal to interference ratio, Slfl, target 

22. An element of a cellular radio communications system, comj^dsing 
20 apparatus according to any of daims 13 to 21. 



23. An element Qf a UMTS cellular radio commxmications systenj^, comprising 
apparatus according to any of daims 13 to 21. 
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24. A method of providing an inner loop power control performance target 
substantially as hereinbefore described with reference to the accomp^ying 
drawings. 



25. Apparatus fox providing an inner loop power control perf omiemce target 
substantially as hereinbefore described with referrace to the accompanying 
drawings. 
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